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Abstract: Companies are gradually becoming conscious about the necessity of reducing their
environmental impact and adopting low-carbon strategies in order to cope with increasing institutional
and social demands. However, remaining competitive while reducing the environmental impact and
improving the corporate image requires adopting sophisticated mechanisms boosting eco-efficiency
and keeping costs tight. Material Flows Cost Accounting (MFCA) is an instrument that allows the
monitoring of, measurement of, and accounting for physical and monetary processes along the
production process. If extended to the supply chain, and applied to the energy usage and CO2
emissions, it allows one to account for the Carbon Footprint (CF) of a company and its products
at any given stage of the value chain. The current paper presents a case study developed under
the framework of a three-year project to introduce an energy use and carbon emissions monitoring
and accounting system in a large winery company in Spain, based on the MFCA approach and CF
accountability. Including the supply chain of the company and the whole farming cycle of its main
input, the case study presents the method and phases adopted to implement the project, its direct and
indirect results and outcomes, and the conclusions that can be extracted, which may be inspirational
for practitioners and scholars envisaging similar projects.
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1. Introduction
Over the years, sustainable development has become an increasingly relevant matter for companies,
which need to find the right balance between being competitive, having a good corporate reputation
and finding innovative ways to be more eco-efficient, extending their primarily economic goals to
ecological and social goals [1]. As a consequence, efficient environmental management becomes a
priority for companies, together with coping with the increasing interest of society in the ecological
impact of companies. In this regard, the reduction in CO2 emissions, as one of the main causes of
Climate Change, has become a relevant topic for companies.
As part of Environmental Management Assessment (EMA), the Material Flow Cost Accounting
(FLCA) approach can support companies in promoting environmental management and accounting
systems that target a low-carbon economy [2]. Furthermore, its focus on the physical and monetary
flows along the production activity allows to include the supply chain in the system, thus permitting
to calculate the carbon footprint of the company and its products. The use of Material Flows Cost
Accounting (MFCA) does also provide transparency and information for making decisions about the
environmental impacts of the company [3], as well as better coordination and communication about
energy usage in the organization [4]. As concluded by Nakajima et al. [2], MFCA simultaneously
supports the reduction in environmental impact and costs, while making it possible for the company to
significantly reduce purchasing costs, as long as collaboration and understanding prevail between the
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company and its suppliers. The company developing MFCA may act as promoter and leader among
its suppliers as well as an information intermediary between its customers and its suppliers [2,5],
introducing the idea of Life Cycle Assessment (LCA).
As part of the farming sector, the wine industry has a close relationship with the environment which
has been addressed in many studies with different focuses [6–10], the carbon footprint measurement
and labelling being one of the most important ones [11–15].
In most cases, the increase in production, quality and competitiveness undergone by the wine sector
over the years has unfortunately been reached at the expense of reducing the sustainability of traditional
production processes. Within the farming sector, emissions from industrial wastewater (calculated
from activity data of dairy, swine, slaughterhouse, citric, sugar, and wine sectors), are supposed
to increase by 58% from 2000 to 2030 [16]. Wine is no exception [17] since all the related activities
require the provision of materials and energy [10] that contribute to resource depletion and a variety of
environmental emissions [18]. In fact, the amount of energy and materials required for wine production
has increased considerably due to the higher consumption of water and plant treatments in the
vineyards, the enlarged amount of bottled wine, the limited use of returnable bottles, the widespread
use of industrial cooling equipment and the intensification in transport costs from exports.
On the other side, customers are gradually adding the environmental friendliness as a strong
criterion when choosing their wine in the marketplace and many wineries are devoting efforts to a more
eco-efficient production, making it necessary to design a system to measure and solve the potential
problems [19]. At present, the wine sector is one of the industries under increasing pressure to adopt
new approaches towards environmental assessment and the reporting of product-related greenhouse
gas emissions [20–22]. Impacts on the regional economy have been subjected to analysis [23] as issues
related to the wine sector sustainability [19,22].
In this scenario, where the most relevant environmental impact of the wine production process is
caused by energy consumption and CO2 equivalent emissions, carbon footprint (CF) can be pointed
out as an appropriate sustainability indicator to be utilized in the winery decision-making. As such,
this paper presents a case study focused on a large winery in Spain where a project was implemented
to adopt a monitoring and accounting system for CO2 emissions along the whole industrial process,
including the supply chain. From an MTCA approach, the company applied a system to account for
the energy usage and CO2 emissions of its products at every stage of production, thus allowing the
improvement of efficiency, costs savings and innovation, as well as labelling of the company products
with the corresponding unitary CF.
With these premises, this paper objective is to model the CF of a winery for different types of
wine products to be integrated into the management control, including its supply chain, from an LCA
and MFCA approach that will relate the monetary and carbon emissions flows at every stage of the
productive process.
The paper presents the case study, from its antecedents to the outcomes achieved, as a relevant
experience that could serve as guidance and inspiration for other winery companies and, in general,
for farming sector companies looking to implement accounting and monitoring systems to reduce
their CF and environmental impact.
2. Background
2.1. Material Flow Cost Accounting
Over the years, companies have become more and more aware of the need to address sustainability
not only as a way to respond to society pressure, but also as a means to be more efficient and clean.
Efficient environmental management must align with public awareness and political programs and
promote systems that target a low-carbon economy [2]. Indeed, reducing CO2 emissions is a priority
goal for companies since it reduces their environmental impact while decreasing variable costs in
energy consumption, thus improving economic and environmental performance [24].
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Material Flow Cost Accounting (MFCA) has gained relevance over the years as a tool supporting
eco-efficient decisions [4], with its combined focus on environmental and monetary flows. As part of
the Environmental Management Assessment (EMA) discipline developed in the 1990s [9], MFCA is
one of its most fundamental and well-developed tools [25], defined as a “tool for quantifying the flows
and stocks of materials in processes or production lines in both physical and monetary units” [26].
Standardized with ISO 14051, MFCA has also been considered to have high potential to measure
and account for carbon emissions along companies supply chain [2,27], and to generate information
about the physical and monetary flows on a routine basis [4]. The physical flows have a strong focus
on materials and energy flows, since their use is directly connected to many of the environmental
impacts of the company, but it is also a major driver of purchase cost [28]. Citing Christ and Burritt [4],
“it can be argued the effective management of material and energy flows constitutes an important
undertaking for contemporary organisations, both economically and environmentally”. From that
premise, MFCA provides a system to improve eco-efficiency and to make it more clearly understood
and articulated [29].
Considering the increased need to provide information about the company performance concerning
its environmental impacts, the development of MFCA improves the transparency of material flows and
energy consumption in companies, allowing for better decisions [3], and more internal coordination
and organization [30]. As concluded by Nakajima et al. [2], MFCA is a method that simultaneously
helps to reduce environmental impacts and costs, provided that there is collaboration between the
company and its suppliers, as a first step towards a low-carbon supply chain.
Indeed, reducing the environmental impact and related costs implies looking at the company’s own
process as well as the inputs coming through the supply chain. While losses or inefficiencies within
the company process might be studied and improved in the short-term, the changes related to the
environmental impact of inputs may require communication and collaboration in a medium or long-term
framework. The company developing MFCA may act as promoter and leader among its suppliers,
presenting the benefits of the system, as well as an information intermediary between its customers and
its suppliers, so the former know about the latter performance in terms of environmental impact [2,5].
2.2. Carbon Emissions in the Wine Industry
The wine industry forms part of the agro-food sector and, particularly, of the farming industry.
As such, its relationship with the environment is intense, since its main produce comes straight from
the soil. Through the years, many studies have addressed the environmental impacts of the wine
industry in different geographical areas focusing on several topics such as waste [6], sustainability [7,8],
eco-efficiency [9], or Life Cycle Assessment (LCA) [10], among others.
Focusing on carbon emissions and energy consumption as one of the main elements of MFCA,
the CF measurement for agro-food has been widely studied by a number of authors [11–15], as its
importance for labelling and reporting grows worldwide.
In the wine industry, most methodologies studied are focused on savings in energy, raw materials,
diminished emissions and waste generation and, in particular, on water consumption [15,31,32].
Drawing on contingency theory, the current use of water-related environmental management accounting
information (here named as water management accounting) was implemented by Christ [33] to assess
the long term implications associated with water management in Australian wine supply chains.
However, most studies have only addressed specific methodological issues from an attributional
life-cycle perspective, or have directly reported the CF profile for a given wine product, making it
increasingly complex to assess market interactions linked to the entire life cycle of wine-making.
The quantification of greenhouse gas emissions often underpins the life-cycle of wine, which has
also been applied to several studies [17,19,34–39] since it can be considered an adequate methodology for
the accounting itself [18]. The studies that calculated the CF of different types of wine to determine the
main reasons for their varying results indicate the relevance of factors such as wine ageing, optimization
of inputs, harvest yields, data quality or agricultural practices (i.e., organic vs. conventional), and argue
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the difficulty in standardizing specific mechanisms for greenhouse gas emissions communication
within the wine sector [15].
The conventional production system has been found to have a higher CF than the organic
production [17,40] mainly due to the agricultural and packing phases. A critical review of several
methodological and conceptual issues focused on wine carbon footprint is offered by Rugani et al. [41].
Another interesting contribution to the applied measurement of CF is offered by Quezada et al. [42] who
calculated the CF in a winery company using a method composed of financial accounts (called “MC3”).
One of the principal outcomes obtained was demonstrating that having an appropriate determination
of the CF is an important factor of competitiveness, especially in the international market, which will
inevitably impose restrictions based on sustainable production.
Agricultural practices for vineyards have been included as well as the landscape conservation-
related issues as a long-term provision of a full range of ecosystems [43]. Viticulture is, in fact, the stage
with the largest relative contribution to the overall environmental impact, while the bottle production
is the subsequent stage, followed by its transport [17,37]. Indeed, Bosco et al. [44] showed that the
vineyard-planting phase has a significant impact on the wine CF and has to be considered in the life
cycle. Even though it is frequently omitted in literature, the supply chain of wineries shall be studied
as a significant contributor to the aggregated CF.
From a communication perspective, labelling and reporting the CF can be important drivers to
promote carbon emissions measurement in organizations and their supply chain, boosting the life
cycle thinking of the sector [45]. Indeed, a correlation exists between environmental disclosure and
eco-innovation [46]. A number of studies have highlighted the usefulness of CF to report environmental
results in the wine sector, due to its common use by stakeholders and its favorable acceptance by the
general public [15]. Studies go from stating the need for a simple calculation method, understandable
by all investment stakeholders, [47] to outlining examples that ensure that the CF can provide support
to investment financing decisions. Besides which, the improvement of environmental characteristics of
a given type of wine and its corresponding labelling could represent an important marketing strategy.
However, the extensive literature review offered by Christ and Burritt [9] reveals that practices
within wine firms are still largely unexplored and often inadequate. In general terms, the lack of
quantitative environmental data about operational processes and products is an important barrier to
improving environmental performance of this sector. More research has to be conducted in this sense
introducing “green” patterns in the conventional studies of wine consumers focused on the individual
taste preferences [48].
Provided that MFCA has been described as a tool to develop environmental management activities
such as investment appraisal, environmental impact assessment and short and long term environmental
budgeting [49], in this paper we define carbon accounting as the recognition of the non-monetary
and monetary flows of greenhouse gas emissions and energy consumption in all levels of the value
chain [50], introducing control management and labelling as part of the CF accounting.
To achieve the principal aim of this study, an applied innovation project was performed in a
Spanish winery company in the Region of Aragon “from the vine to the table: carbon footprint labelling
of the aggregated wine production process”. The case study methodology applied to this project is
considered to be the more adequate for this study, deepening in the knowledge about CF in the internal
management of wineries [12,51].
3. Case Study
3.1. Methods
As part of a three-year project, the case study presented refers to a large winery company in Spain
with more than 70 years of history, working as a cooperative with more than 700 members who own
close to 4000 hectares of vineyard. The company, which absorbs around 30 million kilos of wine grape
per year, produces a wide variety of wine products in various formats and volumes, after different
industrial processes.
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The company value chain has three main phases, starting with the main input farming (grape),
following with the production process and storage, and ending with the distribution and selling of
final products. In the first phase, depending on each year’s crop, from two thirds to three quarters of
the grape is produced by farmers who are members of the cooperative and, therefore, shareholders of
the company. The remaining part of grape needed, together with other supplies used in the farming
cycle and in the production process, are the areas where the company has less control and, therefore,
more difficulties in imposing new monitoring and accounting systems for CF (Figure 1).
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One of the detected difficulties during the design of the methodology here applied was to fit the CF
accounting into the traditional accounting framework of the winery. In line with the results obtained
by Couto-Viana and Lima-Rodrigues [52], the Spanish wine industry is also influenced by long-lived
habits that means that co panies develop their o n accounting practices such as a unique cost formula.
The Data Envelopment Analysis used by Aparicio et al. [53] to measure and decompose inefficiency of the
Spanish quality wine sector, was also considered when designing the methodology. In the proposed CF
integrated method, all activities have been considered in a simplified and internally applied procedure,
including all the components of wine packaging (bottle, stopper, capsule, label, box s, pallets, etc.)
because it is considered to be of high importance for the analysis [54], given that most of these impacts
are related to fossil fuel emissions or the producti n and transport of materials [34].
The project was divide i six p fi l tc e ould be the
introduction of a CF monitoring, acco ti t e F approach that
would permit the knowledge of the CF ‘ ei t’ fi r uct at any given
moment, and to label the final pro cts it l i cl ing the supply chain impact.
able 1. s s f t r j ct.
Phase 1
Characterize the company value chain fro a Life Cycle Analysis appro ch, auditing energy
consumption and equivalent CO2 emissions in all processes linked to the product, in production
process and supply chain.
Phase 2 Linkage and accrual of aggregate CO2 emissions equivalent to the final production, obtaining thevolume of emissions per unit applicable to each final product unit (bottle/wine box).
Phase 3 Development of an interactive online application integrating all factors of the supply andproduction chain, allowing for real-time accounting and analysis of CO2 emissions.
Phase 4
System i plementation, (1) incorporating the company technical staff, (2) cooperative farmers and
(3) representatives of the rest of the supply chain. Training and practice on the use and management
of the application.
Phase 5
Complete integration of the application in the integrated management and accounting system of the
company, permitting the automatically linkage of CO2 emissions with other systems such as
financial accounting, product card, vendor card, etc.
Phase 6
Reporting of results in the communication and corporate information system, as well as the wine
labelling process. Public communication of aggregated emissions and volume of emissions per
bottle (or unit sold) on product label.
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Taking into account the agricultural cycle and the rather seasonal component in the winery
business, we considered a time horizon of a year for the LCA and CF calculation, even though the
data of several years were used to establish an average and stable scenario. LCA being an analysis
technique that allows the assessment of the environmental impacts (in this case the CO2 emissions) at
every stage of a product’s life, it is convenient to define what the ordinary scenario is in general and
at every stage, so that the results obtained in a given year can be compared to standard and regular
data, avoiding eccentric results. Besides, all phases of the project were developed by a team formed by
researchers and company workers from different departments, so that all decisions and steps taken
would make sense from the technical, productive and economic perspectives.
One of the key elements of the project was the in-house specific software implemented to instantly
account for all the CO2 emissions contributions along the supply chain, in line with the software
implemented by Bonamente et al. [51] for the water measurement in a winery. A similar proposal has
been explored by Casini et al. [55] who proposed a specific software as a management control model to
establish the winegrower’s production cost for a single bottle of wine, with the ability to determine the
cost differences for each product typology, even when little information was available.
The software implemented for the project counted with an on-line application which was installed
in the cooperative farmers’ phones, tablets or other devices so that they would be able to record any
CO2 emissions or energy consumption-related activity in real time, avoiding any loss of information
and efficiency, as well as reducing ‘paperwork’ time.
The information sent from the fields would immediately be registered and accounted in the
company server, allowing not only the monitoring and aggregation of the correspondent CO2 emissions,
but also the realization of any potential problems or deviations from expected. Several meetings were
conducted to engage cooperative farmers and company workers in the project, and to train them in
the use of the on-line application and the related software. The project flows outline is presented in
Figure 2.
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output. Additionally, inefficiencies and unexpected levels of consumption were discovered in some of
the process equipment and machinery, suggesting its repair or replacement in order to save unnecessary
energy costs and carbon emissions. Furthermore, the detailed identification of all activities involving
energy consumption led to the consideration of potential improvements individually, which had never
been taken into account when thinking of the process as a whole. The most significant activities linked
to the CF of the company are shown in Figure 3.
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The energy and CO2 emissions audit undertaken helped to determine not only which activities
were linked to energy consumption but also their weight in terms of CO2 emissions, due to the type
and volume of the energy source used. Furthermore, it allowed one to foresee potential changes in
several parts of the process by shifting the conventional energy source used to a renewable or less
polluting one.
The implementation of phases 3 and 4 led to the actual monitoring and accounting of energy
consumption and CO2 emissions throughout the production process, by using the on-line software
designed ad-hoc. The company server received real-time communication from internal suppliers (vine
farmers) who, having installed the application on their phones, tablets or laptops, would record every
step undertaken in their farming activity, transmitting it to the headquarters. While the latter would
then have the chance to monitor the accumulated CF of input (grape) and take any measures if needed
(advising farmers to change the products used, reduce their consumption, change specific patterns,
etc.), the farmers would also have a record of energy consumption that will help them reduce their costs
and check for inefficiencies, thus contributing further to lowering the CF of the company main input.
Once the process was fully implemented, the company could accurately determine the CF of the
grape introduced in the production process, to which the CO2 from the following activities would
be progressively added. As for external suppliers (not cooperative farmers), the company requested
them to report on the CO2 associated with their products, so it could be registered in the production
software. As a secondary consequence, some external products were replaced by new ones with lower
CF, which also contributed to reducing the overall CF. Once determined, the quantity of the different
supplies used, and their respective factor identified (in Kg of CO2 equivalent per kg of material),
it became possible to calculate the carbon footprint of the whole wine production process.
After phases 5 and 6, at the end of the project, the results obtained in terms of overall carbon
emissions and unitary carbon emissions, showed a significant reduction as presented in Table 2:
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Table 2. Carbon Footprint of the company and unitary.
Year 1—CO2 eq. Year 2—CO2 eq. Change in %
CF for the company and its supply chain 12.734 tons 10.224 tons −19.71%
Average CF per unit of product (in Kg/L) 0.828 kg/L 0.795 kg/L −3.98%
Average CF per 0.75 L bottle (estimated) 0.755 kg/bottle 0.731 kg/bottle −3.28%
The success of the project was patent in the company production process, with close to a 30%
decrease in CO2 emissions in the first year. As for the supply chain, the decrease was still limited,
mostly due to the fact that improvements from some the efficiency measures adopted were not yet
registered at this stage, having its effect in the following crop. However, even though the grape in the
second year had lower contents of water and was therefore less productive than that of the previous
year, the CO2 emissions per liter of final product fell by 4%, exposing an overall improvement in
the process. The results for following years will also depend on the grape characteristics, but new
decreases are expected as farming efficiency measures are accounted in the final product.
Comparing the CF within the wine industry is both complex and delicate for several reasons.
On the one hand, the different studies and works published to date have different scopes and include
different activities in the LCA process. On the other hand, significant differences can be observed from
one vineyard to another, especially if they belong to different countries or climatic areas. The differences
linked to the grape organic characteristics, the water required, the type and timing of harvesting, etc.,
are added to those related to the available infrastructures in terms of type and cost of energy, water,
soil, transport, etc. However, the results obtained in the project in terms of CF per bottle are in line
with previous similar studies for different countries and types of wine (Table 3).
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Another important outcome of the project at this stage was to realize how relevant to the final CF
some particular activities or inputs were, even when their costs were not that significant. Together with
the use of particular farming chemical treatments (which had a much higher impact that some organic
equivalent products), the LCA showed that an average of 50% of the unitary CF of a bottle of wine
produced came from the bottle itself (in some cases reaching up to 70%). This high volume of CO2
emissions comes from the glass production process and may vary considerably from some types of
glass to others, with little or no difference in its price. Even though this finding is in line with previous
studies [15,20,56,58] it caused a change in the company procurement policies of bottles, which now
include the CF associated with the bottle as one of the most important features in its selection.
3.3. Discussion
The results of the project can be analyzed from different perspectives and scopes, intertwining
environmental and management concerns, production process and supply chain, and internal
stakeholders’ relationship with external ones.
Regarding the impact on the CF of the referred activities, the results are rather positive not only in
terms of reduction but also in terms of aggregated CF. The study of Navarro et al. [20] on different
wineries in Spain and south of France, which could be comparable to that of the project, reached a
range of CF between 0.6 to 2.65 kg per bottle. Although the many differences existing among wineries
advise not to compare their CF results, the data obtained for the project are definitely in the low part of
the range. Furthermore, considering that Navarro et al. [20] concluded that through the establishment
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of best practices and better resource consumption wine CF could be of about 0.64 kg per bottle, the 3.3%
decrease obtained in our project after just one year of implementation is noteworthy.
After the two years of data, and the different results obtained from the LCA, the strong impact
that the supply chain has in the product unitary CF became clear. Although the company was already
aware of the room for improvement existing in the transport and distribution activities undertaken
by the company itself (reducing consumption and/or shifting to electricity, renewables, etc.), finding
out how relevant some particular supplies were to the CF brought in a new way to look at the supply
chain and a whole new approach to procurement design. Specifically, the strong CF impact that
bottles may have within the production process, and the unexpected differences found in CO2-related
emissions between equivalent chemical treatments used in vineyards, paved the way to look at the
supply chain as an equally important field to measure, reduce and account for CO2 emissions. In this
sense, implementing the LCA and MTCA tools has not only helped to reduce the CF of the company,
but has also transformed the company into a tractor element for other companies.
From the relational perspective, an indirect outcome of the project, which was not really expected
in its original design, was a significant improvement in the relationship between the company and
its suppliers, especially the cooperative farmers, both in terms of communication and efficiency.
Once engaged in the project, most of these farmers found the application very useful and convenient,
becoming more committed to reducing their own energy consumption and that of the company,
but also to participate in further initiatives to reduce the environmental impact. On the other side,
by having the chance to monitor the activity of the farmers, the technical staff of the company can also
notice irregular trends, deviations or room for improvement linked to changes in weather conditions,
quality of grape or specific needs of the company for the final product characteristics.
4. Conclusions
The case study described in this paper presents an empirical attempt to improve the environmental
management of a company, focusing on its carbon footprint, under the approach of Material Flow
Cost Accounting (MTCA) for physical and monetary flows along the value chain of the company.
The corresponding project was undertaken in a winery company and its supply chain, where a
monitoring and accounting system which would systematically record the CO2 emissions of the
production process of the product would be deployed and put into practice, allowing for instant control
of the carbon footprint of products and of the whole company.
The main objective of the case study presented is to assess the outcomes of the process, and evaluate
whether a MTCA system for energy usage and carbon emissions can help in reducing the environmental
impact of a company as well as its energy costs.
Results show that the costs and difficulties associated with the implementation of the system and
its transfer to suppliers are largely offset by the benefits derived from its use, both in terms of energy
savings and carbon emissions reduction. Bringing in employees’ attention to the CO2 emissions caused
at every stage of the production process produces a change in perception leading to the consideration
of the carbon footprint as a costs management topic. Furthermore, results are not limited to energy and
emissions reduction, but they extend to other factors such as improved efficiency of equipment and
processes, detection of malfunction and excessive consumption, change in procurement policies, better
communication with suppliers and better understanding of their own processes, improved corporate
image of the company and greater commitment of employees, suppliers and community with the goal
of sustainability.
In the long run, the company expects to gain international recognition and a competitive advantage
in the most environmentally exigent markets. The possibility of keeping track of carbon emissions per
product during the production process, brings in a whole range of opportunities to reduce the carbon
footprint, compensate for the carbon emissions, develop a near-to-zero emissions line of products, etc.
The winery is now able to report the carbon footprint per product, together with the project results and
expectations for the future.
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Overall, the case study relies on a triple bottom line rationale, since it had environmental
goals linked to reducing the carbon emissions, social implications associated with the inclusion and
empowerment of farmers in the process, and economic objectives, aligned to the reduction in energy
costs, the access to new markets and the improvement of the company corporate image. The innovative
axis of these three visions from the accounting perspective embedded in the idea of Material Flow
Cost Accounting, contributes to both the managerial decision making process and the accountability
initiatives which the company may adopt.
In line with this case study, similar projects aiming at introducing MTCA systems in other
farming or agro-food industries could help strengthen or expand the results, and serve as stimulus for
companies to progress towards environmental sustainability. Accounting of non-monetary items can
be a powerful tool to highlight the benefits of a sustainable approach to production. Other models that
effectively account for the environmental impact would also be interesting lines of research, so that they
can be compared to the model developed in this project, and deliver pros and cons to its deployment.
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